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PROCESS FOR THE PREPARATION OF IMMUNOMODULATORY 
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This application is a continuation in part of U.S. Patent Application Serial No. 
09/295,907, filed April 21, 1999, which is a divisional of U.S. Patent Application Serial No. 
09/169,449, filed October 9, 1998, now U.S. Patent No. 6,133,440, which claims the benefit of 
U.S. Provisional Patent Application Serial No. 60/061,681, filed October 10, 1997 and U.S. 
Provisional Patent Application Serial No. 60/098,271, filed August 28, 1998, each of which is 
entitled "Process for Preparation of Immunomodulatory Carbohydrates from Aloe." 

FIELD OF THE INVENTION 

The present application relates to methods for activating and purifying polysaccharides 
from Aloe. In particular, the invention relates to methods for isolating polysaccharides with 
immunomodulatory activity from Aloe. The present invention includes the activated mixture 
of polysaccharides (referred to herein as "Immuno-lO" or "Immuno-10 polysaccharide"), 
produced by the methods of the invention. The invention also includes the use of the 
polysaccharides as immunostimulating, immunomodulating and wound healing agents. 

BACKGROUND OF THE INVENTION 

Aloe is an intricate plant which contains many biologically active substances. (Cohen 
et al in Wound Healing/Biochemical and Clinical Aspects , 1st ed. WB Saunders, Philadelphia 
(1992)). Over 300 species of Aloe are known, most of which are indigenous to Africa. Studies 
have shown that the biologically active substances are located in three separate sections of the 
aloe leaf -a clear gel fillet located in the center of the leaf, in the leaf rind or cortex of the leaf 
and in a yellow fluid contained in the pericyclic cells of the vascular bundles, located between 
the leaf rind and the internal gel fillet, referred to as the latex. Historically, Aloe products have 
been used in dermatological applications for the treatment of burns, sores and other wounds. 
These uses have stimulated a great deal of research on identifying compounds from Aloe that 
have clinical efficacy, particularly anti-inflammatory activity. (See, e.g., Grindlay and 
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Reynolds (1986) J. of Ethnophannacology 16:1 17-151; Hart et al. (1988) J. of 
Ethnopharmacology 23:61-71). As a result of these studies there have been numerous reports 
of Aloe compounds having diverse biological activities, including anti-tumor activity, anti-acid 
activity (Hirata and Suga (1977) Z. Naturforsch 32c:73 1-734), anti-diabetic activity, tyrosinase 

5 inhibiting activity (Yagi et al. (1987) Planta medica 515-517) and antioxidant activity 
(International Application Serial No. PCT/US95/07404, published December 19, 1996, 
publication number WO 96/40182). 

It has also been reported that Aloe products can stimulate the immune system. The 
ability of Aloe to stimulate the immune system has been attributed to polysaccharides present 

10 in the gel. (See, e.g., Day et al. (1922) J. Am. Pharm. Assoc. 11:462-463; Flagg (1959) 

S American Perfumes and Aromatics 74:27-28, 61 ; Waller et al. (1978) Proc. Okla. Acad. Sci. 

R 58:69-76; Shcherbukhin et al. (1979) Applied Biochemistry & Microbiology 15:892-896; 

tfl Mandal et al. (1980) Carbohydrate Research 86:247-257; Mandal et al. (1980) Carbohydrate 

m Research 87:249-256; Winters et al. (1981) Eco. Botany 35:89-95; Robson et al. (1982) J . 

ft Burn Care Rehab. 3:157-163; Ivan et al. (1983) Drug & Cosmetic Ind. 52-54, 105-106; 

p Smothers (1983) Drug & Cosmetic Ind. 40:77-80; Mandal et al. (1983) Indian J. of Chem. 

5 22B:890-893; Vilkas et al. (1986) Biochimie 68:1 123-1 127; Waller et al (1994) Cosmetic 

% Toiletries Manufacturing Worldwide 64-80; United States Patent No. 5,308,838 of McAnalley 

W etal). 

20 Aloe products are also used extensively in the cosmetic industry to protect skin against 

the harmful effects of ultraviolet radiation. (Grollier et al. United States Patent No. 4,656,029, 
issued April 7, 1987). Chronic exposure of the skin to ultraviolet radiation causes skin cancer 
in humans and laboratory animals. Exposure of the skin of laboratory animals to ultraviolet B 
(UVB) radiation (280-320 nm) causes suppression of the skins immune system, which impairs 

25 its ability to develop an immune response to UV-induced skin cancers, contact-sensitizing 

haptens and a variety of infectious microorganism. (See, Strickland (1994) J. Invest. Dermatol. 
102:197-204, and references cited therein). Studies by Strickland et al. show that topical 
application of Aloe vera gel reduces the suppression of the immune system caused by UVB 
exposure. (Strickland (1994) J. Invest. Dermatol. 102:197-204). 
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The ability of native gel to reduce suppression of the immune system, is very low and 
gular and also decreases with time. One hypothesis is that the UV-B protective factor is 
hydrolyzed by naturally occurring enzymes in the Aloe plant and/or by bacterial degradation. 
Therefore, it would seem likely that isolating polysaccharides from Aloe would help preserve 
this immunomodulatory activity. Previous prior art methods for the bulk isolation of 
polysaccharides from Aloe, however, do not effectively preserve the immunomodulatory 
activity. These methods, described for example in United States Patent Application Nos. 
4,957,907, 4,966,892 and 5,356,81 1, use lengthy (4-24 hours) alcohol precipitation and 
centrifugation steps. Given the failure of the prior art methods to effectively preserve the 
immunomodulatory activity of Aloe gel, it would be useful to have a procedure for the isolation 
of polysaccharides from Aloe that would allow the immunomodulatory activity to be retained 
and stabilized. The present invention provides such methods. 



SUMMARY OF THE INVENTION 

The present application relates to methods for activating and isolating a mixture of 
polysaccharides from Aloe. Included in the present invention is the activated mixture of 
polysaccharides produced and the use of said mixture as an immunostimulating, 
immunomodulating and wound healing agent. The activity of polysaccharides isolated by the 
method of this invention is much higher and much more stable and reproducible than that of 

native Aloe gel extracts. 

The method of the present invention is comprised of (a) extracting Aloe gel juice from 
Aloe; (b) performing a controlled limited enzymatic hydrolysis of the total polysaccharides in 
said Aloe gel juice at a temperature and for a period of time suitable for limited carbohydrate 
hydrolysis; (c) terminating said hydrolysis; and (d) optionally decolorizing and filtering said 
hydrolyzed product. In a preferred embodiment the limited hydrolysis is performed by the 
addition of cellulase at 25°C±1 °C for a period of 2-2.5 hours using a ratio of 0.5 g -2.5 g of 
cellulase to 216 L of gel extract. A schematic diagram of the instant method is provided in 
Figure 1 . In another embodiment of the instant invention, the method further comprises the 



step of (e) purifying the hydrolyzed product by nanofiltration. The nanofiltration may be 
repeated as many times as necessary to obtain the desired purity. 

The present invention includes the mixture of polysaccharides (referred to herein as 
"Immuno-10" or "Immuno-10 polysaccharide") prepared and isolated by the methods of this 
invention. Said composition of matter is characterized in detail below. 

The present invention also includes the use of Immuno-10 as an immunostimulating, 
immunomodulating and wound healing agent. Immuno-10 prevents suppression of contact 
hypersensitivity (CH) in mice exposed to UVB radiation and also inhibits UVB irradiation- 
induced tumor necrosis factor (TNF-a) release in human epidermoid carcinoma cell line. The 
10 Immuno-10 isolated by the method of this invention can be used in an oral or topical 

formulation for the restoration or stimulation of the human immune system, for individuals 
suffering immunodeficiency or immune-suppressing diseases or for therapeutic treatment for 
diseases, such as HIV. The Immuno-10 isolated by the method of this invention is also useful 
A for wound healing. The polysaccharides isolated by the method of this invention are more 
£.5 active and more stable than native Aloe gel. 

The methods described herein include a limited and controlled hydrolysis of Aloe 
polysaccharides, which operates to increase the stability and immunomodulatory activity of 
Aloe polysaccharides. The method is faster, simpler and more amenable to scale-up than prior 
art methods, and does not involve the use of organic solvents. Moreover, the processes 
20 described herein increase the solubility of Aloe polysaccharide and reduce the viscosity of 
solutions thereof without loss of the immunomodulatory activity. Immuno-10 isolated using 
the method of this invention shows qualitatively-similar UVB protective activity as the 
activated bulk polysaccharide purified from the same Aloe gel extracts, but has a higher 
specific activity than the bulk polysaccharide. Additionally, the purified Immuno-10 exhibits 
25 UVB CH restorative activity that is at least twice as high as that of native Aloe gel. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the invention 
as claimed. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates schematically the general method of the present invention for the 
preparation of Immuno-10 from Aloe. 

5 Figure 2 depicts a chromatogram of Immuno- 1 0, following limited enzyme hydrolysis, 

decolorization and filtration (Example 1). The chromatography was performed on a on a 
Sepharose CL-4B column, monitoring absorbance at 490 nm using the phenol sulfuric acid 
method. 

10 Figure 3 depicts the chromatogram of partially purified Immuno-10 prepared according 

0 to the method of Example 3. The chromatography was performed on a Sephadex G-100 

Q 

1 s I column and absorbance at 490 nm was monitored. 



in Figure 4 illustrates the degradation of Aloe polysaccharides by cellulase at 3 minutes 

15 (0), 1 0 minutes (O), 30 minutes (a), 60 minutes (♦), 1 20 minutes (A), 24 hours (•) and 48 
|U hours (■). 

O Figure 5 depicts a chromatogram of Aloe polysaccharide isolated by three different 

fil 

methods: polysaccharide purified from fresh extract using known methods (A), 
20 polysaccharide derived from freeze dried Aloe gel (■) and polysaccharide derived from Aloe 
whole leaf (•). The chromatography was performed on a Sepharose CL-4B column, 
monitoring absorbance at 490 nm. 

Figure 6 depicts a chromatogram of Immuno-10 on a Sephadex G-100 column after 
25 standing three months in H 2 0 at pH 4.3 (O) and pH 7.8 (•) at room temperature. 

Figure 7 depicts the chromatogram of purified native Aloe polysaccharide on a 
Sephadex G-100 column after standing three months in H 2 0 at pH 4.3 (O) and pH 7.8 (•) at 
room temperature. 
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Figure 8 illustrates graphically the ability of Immunol 0 to restore skin immune function 
(contact hypersensitivity UVB assay). 



Figure 9 illustrates graphically the inhibition of UVB irradiation-induced tumor 
5 necrosis factor-a (TNF-a) release by Immuno- 1 0. 

Figure 10 illustrates graphically the stimulation of TNF-a release from mouse 
peritoneal macrophages by Immuno- 10. 

10 Figure 1 1 illustrates graphically the stimulation of cell proliferation by Immuno- 10. 

Q DETAILED DESCRIPTION OF THE INVENTION 

Jlj The present application is drawn to methods for activating and isolating a defined 

!y biologically active mixture of polysaccharides from Aloe. The term "Aloe" refers to the genus 
M of plants found worldwide from the Liliaceae family of which the Aloe barbadensis plant is a 
U species. In one embodiment the method of the present invention is comprised of (a) extracting 
£ Aloe gel juice from Aloe; (b) performing a limited and controlled hydrolysis of the total 
fO polysaccharides in said Aloe gel juice at a temperature and for a period of time suitable for 
m limited carbohydrate hydrolysis; (c) terminating said hydrolysis; and (d) optionally decolorizing 
20 and filtering said hydrolyzed product. 

In a second embodiment the method of the present is comprised of (a) extracting Aloe 
gel juice from Aloe; (b) performing a limited and controlled hydrolysis of the total 
polysaccharides in said Aloe gel juice at a temperature and for a period of time suitable for 
limited carbohydrate hydrolysis; (c) terminating said hydrolysis to provide a hydrolyzed 
25 product; (d) optionally decolorizing and filtering said hydrolyzed product and (e) purifying the 
hydrolyzed product by nanofiltration. The nanofiltration may be repeated as many times as 
necessary to provide the purity desired. 

A schematic diagram of the first embodiment of the instant method is provided in 
Figure 1. With reference to Figure 1, Aloe gel juice (AGJ) is produced from fresh gel fillets by 
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any method known in the art, including but not limited to grinding, using a "Thompson Aloe 
Juice Extractor" (Thompson Manufacturing Co., Harlingen, Texas) or using pressure rollers. 
The AGJ is then mixed with a hydrolyzing agent. Examples of hydrolyzing agents include but 
are not limited to enzymes, such as cellulase, pectinase or mannanase and non-enzymatic 
hydrolyzing agents, such as hydrochloric acid and trifluoroacetic acid. In a preferred 
embodiment the hydrolyzing agent is an enzyme. Most preferably the hydrolyzing agent is a 
cellulase, such as cellulase 4000 (Valley Research Inc.). The resulting mixture is allowed to 
incubate at a temperature and for a length of time suitable for limited carbohydrate hydrolysis 
(see Example 1). For example when the hydrolyzing agent is cellulase this is preferably 2-2.5 

hours at 25°C ±1 °C using a ratio of 0.5 g to 2.5 g of cellulase to 216 L of gel extract (see 

t — 

y Example 5). 

2 Carbohydrate hydrolysis is then stopped after the appropriate period of time. If a 

S cellulase is used, this is accomplished preferably by heating the digestion mixture to a high 
(| temperature. The resulting Immuno-10 has a red color at this stage, and this color may 
M optionally be removed by mixing the Immuno-10 with charcoal particles to form a slurry (see 
S Example 1) or by column chromatography. Examples of suitable chromatography resins, 

including but not limited to reverse-phase resins. Examples of reverse phase resins, include but 
are not limited to aromatic resins, such as the XAD series of resins and CG-161 and non- 
aromatic resins, such as C-4, C-8 and C-18. In preferred embodiments, such Immuno-10 slurry 
20 is filtered in order to remove the charcoal particles. This can be accomplished by any of the 
methods known in the art. Preferred embodiments of the invention use a multistep filtration 
scheme, in which the slurry is passed through a series of filters of progressively smaller pore 
sizes (see Example 1 and Tables 1 and 2). For example, in some embodiments, the slurry is 
filtered over 30 /xm filter paper, then over 1.0 /xm filter paper, and finally over 0.7 /xm filter 
25 paper. In some embodiments, a filtration aid, such as a celite, FW12 or Fwl4 is included in the 
mixture to be filtered. Following filtration using this method, the filtrate is decolorized and 
free of fine charcoal particles. 

Following the optional decolorization and filtration, the Immuno-10 may be dried for 
storage by lyophilization or spray-drying. Typical yields using the instant method are 
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approximately 6 g of lyophilized solids per liter of AGJ. Chromatography of Immuno-10 on a 
Sepharose CL-4B column reveals that it contains both polysaccharide and monosaccharide 
fractions as evidenced by the presence of two carbohydrate peaks at 490 nm (Figure 2). 
Although the immune regulating activity is contained within the polysaccharide peak, the 
5 monosaccharides do not affect this activity (data not shown). The monosaccharides can be 
removed by diafiltration/dialysis of AGJ prior to the limited enzymatic digestion. 

Examples 2 and 3 describe methods for the preparation of pharmaceutical grade 
Immuno-10, which is a purer form of Immuno-10 having greater biological activity and 
stability. 

L0 Example 4 describes a method for the purification of Immuno-10 using nanofiltration. 

S In the two examples described in Example 4, the nanofiltration is performed twice, however 
I this step may be repeated as many times as necessary to obtain the desired purity of Immuno- 
S 10. Nanofiltration is well suited for large scale synthesis of Immuno-10. 
!^ Included in the present invention is the activated polysaccharide (referred to herein as 

S "Immuno-10" or "Immuno-10 polysaccharide"), produced by the methods of the invention. 

0 The composition and chemical structure of the activated polysaccharides in Immuno-10 
S was determined using pharmaceutical grade Immuno-10 having a purity of > 95% and is as 

.■ssr 

JJj follows: 

1 Size exclusion chromatography analysis shows that the average molecular weight of the 
20 polysaccharides in Immuno-10 is 70-80 kDa with a range between 50-200 kDa. The 

molecular weight was determined using size exclusion chromatography on a Sephadex G-100 
column and HPLC gel permeation on a Superose 12 column (H10/30 Pharmacia). 

Analysis of the monosaccharide composition indicates that the polysaccharides in 
Immuno-10 contain D-galactose (approx 5% or less), D-glucose (approx. 5% or less) and D- 
25 mannose (approximately 90%). The polysaccharides in Immuno-10 may also contain trace 

amounts of xylose and arabinose. 

Pharmaceutical grade Immuno-10, which is more highly purified (see Examples 2 and 
3), contains mainly D-galactose and D-mannose in a ratio of 1 to 9.6±2.2. 
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Proton and 13 C NMR-spectroscopy analysis indicates that the monosaccharide linkages 
are primarily 0-1,4 linkages. The proton and 13 C-NMR spectra were analyzed on a Varian XL- 
300 spectrometer. The main structure of Immuno-10 polysaccharide is /3-l,4 glucomannan. 
Furthermore, the polysaccharide is highly acetylated (approximately 1 acetyl group per sugar 
5 residue on average). The 2, 3 and 6 positions of the monosaccharide units can be 
independently substituted with an -OH or an -OAc. 

Chromatography of Immuno-10 reveals that it contains both polysaccharide and 
monosaccharide fractions (see Figure 2). The monosaccharide composition of the activated 
polysaccharide was determined by high performance anion-exchange chromatography on a 
1 0 Dionex CarboPac PA 1 column with pulsed amperometric detection (HP AEC-P AD) using a 
t Dionex Bio-Lc system. Although the immune regulating activity is contained within the 
O polysaccharide peak, the monosaccharides do not affect this activity (data not shown). 

h\ ... 

J Immuno-10 may also contain various salts which also do not affect its activity. 

^ Immuno- 1 0 is stable to heat and protease treatments without losing its biological 

H activity, which further indicates that the biological activity of Immuno- 1 0 can be attributed to 

q the activated polysaccharide. 

K The Immuno- 1 0 isolated by the method of this invention has greater stability than Aloe 

fell 

W polysaccharides isolated using previously known methods. Examples 6 and 7 (Figure 5-8) 
jB illustrate the relationship between the method of processing the polysaccharide and its stability. 
20 This invention also includes the use of Immuno- 1 0 as an immunostimulating, 

immunomodulating and wound healing agent. 

Immunomodulating activity. Immuno-10 restores the UVB-suppressed immune response 
(contact hypersensitivity); and inhibits UVB-induced Tumor Necrosis Factor a (TNF-a) 
release from keratinocytes (Human epidermoid carcinoma cells, KB cells). 
25 The local suppression model was used to determine the ability of Immuno-1 0 to reverse 

the UVB-suppressed skin immune function, referred to herein as the restorative activity of 
frnmuno-10, as set forth schematically in Example 8. (See, Strickland (1994) J. Invest. 
Dermatol. 102:197-204 and Vincek et al. (1994) Cancer Research 53:728, which are 
incorporated herein by reference). In the local suppression model, C3H/HeN mice are exposed 
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to low doses of UVB radiation, which inhibits the induction of the contact hypersensitivity 
(CH) response to haptens applied at the site of the irradiation. Briefly, the abdominal fur of the 
mice was shaved and exposed to UVB irradiation at 2000 J/m 2 , after which Immuno-10 (0.25 
mg/mL) in Aquaphor, a known vehicle, was applied to the irradiated area. Three days later the 
5 mice were sensitized on the site of irradiation by application of 2,4-dinitrobenzene (DNFB) 
(0.3%, 50 /aL). Six days later the thickness of their ears was measured and then the mice were 
challenged by application of DNFB (0.2%, 5 /iL) to both sides of their ears. Twenty-four hours 
later the thickness of their ears was measured again. The results are set forth in Figure 8. 

In most of the experiments performed, UVB exposure inhibited the CH response by 
10 80-100%. With reference to Figure 8, this group was used as the negative (suppressed) control 
h (0% CH response). The positive control group of mice received no UVB irradiation and no 
treatment with Immuno-10 (vehicle only), but were sensitized and challenged (100% CH 
response). The vehicle (blank) control group of mice received no UVB irradiation, no 
yj treatment with Immuno-10 (vehicle only) and no sensitization, but were challenged. This 
P group was used to subtract the net ear swelling caused by any challenge chemical irritation. 
P The Immuno- 1 0 treated groups of mice were treated in the same way as the suppressed control, 
O except that the mice were treated with Immuno-10 in vehicle instead of vehicle only. The 

HI 

q percentage of recovery by Immuno- 1 0 was calculated using the following equation: 

B 

20 % Recovery = (A-B) X 100 

(C-B) 

wherein 

A = Net ear swelling of Immuno-10 treated group - Net ear swelling of Blank group; 
B = Net ear swelling of the Suppressed group - Net ear swelling of the Blank group; and 
25 C = Net ear swelling of the Positive group - Net ear swelling of the Blank group. 

The higher the percentage of recovery, the more active the Immuno-10. As can be seen in 
Figure 8, the activity of Immuno-10 is between 30-80% with an average of about 60%. The 
immunomodulating activity was stable when Immuno-10 was stored in a solution at 4°C for 3 
months or in a solid form at room temperature for one year. 



10 



It has been reported that UVB-induced TNF-a release is involved in the mediation of 
local immune suppression within the epidermis. An in vitro model was developed to determine 
the suppression of UVB-induced TNF-a release by Immuno-10. This method is described in 
Example 9. Human epidermoid carcinoma cell line (KB cells) were used (normal cells do not 
produce enough TNF-a to be measurable by ELISA). The results are set forth in Figure 9. The 
X-axis in Figure 9 represents the dose of Immuno-10 (mg/mL final concentration in cell 
media). The Y-axis shows the percentage of inhibition by Immuno-10. The percentage of 
inhibition by Immuno-10 was calculated using the following formula: 

% Inhibition =1 - (A-B) X 100 
(C-B) 

A = TNF-a amount in the media from the UVB - irradiated and Immuno-10 treated cells; 

B = TNF-a amount in the media from the cells without UVB - irradiation; and 

C = TNF-a amount in the media from the UVB - irradiated cells, but without Immuno-10 

treatment. 

As can be seen in Figure 9, Immuno-10 showed a dose-dependent inhibition of UVB-induced 
TNF-a release from KB cells. At the concentration of 1 mg/mL, Immuno-10 inhibited the 
release by almost 100%. 

Immunostimulating activity. Immuno-10 activates macrophages by stimulating TNF-a 
release. 

Host defense against malignant tumors consists of several different mechanisms and 
impairment or failure of immunological defense may lead to the development or progression of 
malignant disease. Macrophages are antigen-processing cells and have been demonstrated to 
be both cytotoxic and phagocytic. Each of these functions are significantly enhanced when 
macrophages are activated. Selective stimulation of this cell population could be important in 
contributing to the development of therapeutic applications. Activated macrophages are also 
crucial in the body's ability to heal wounds. Tumor Necrosis Factor a (TNF-a), one of the 
cytokines released by macrophages, plays a critical role in mediating the signal transduction of 
the defense system. Example 10 describes the method used to determine Immuno-10 

11 
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stimulated macrophage activation. The results are set forth in Figure 10. As shown in Figure 
10, a dose-dependent stimulation of TNF-a release from mouse peritoneal macrophages by 
Immuno-10 was detected. At the concentration of 0.5 fig Immuno-10 per mL, Immuno-10- 
stimulated macrophages released 500 times more TNF-a than the unstimulated cells. As can 
also be seen in Figure 10, under the same experimental conditions, native Aloe gel did not 
induce TNF-a release from macrophages. This result indicates that Immuno-10 can be used as 
both a non-specific stimulator of the immune system and for wound healing. 
Wound healing activity. Immuno-10 stimulates fibroblast proliferation (baby hamster kidney 
cells, BHK-21 cells). 

Example 1 1 describes the method used to determine Immuno-10 cell proliferation. The 
M- MTT method was used to determine the stimulated cell proliferation. The results are set forth 
5 in Figure 1 1 . As can be seen in Figure 11, Immuno-10 stimulates BHK-21 cell growth in a 

q . 5 

% dose-dependent manner. 

5 The following examples are provided for illustrative purposes only and are not intended 

jfl to limit the scope of the invention. 

3 

I* EXAMPLES 

n\ Example 1 . Isolation and Purification of Tmmuno-10 

2 Immuno-10 was isolated and purified as outlined in Figure 1. Briefly, fresh Aloe 

20 barbadensis gel extract was subjected to limited enzyme digestion at a temperature and for a 
length of time suitable for limited carbohydrate hydrolysis. This is typically 2 hours at 25°C, 
using cellulase as the enzyme. The activated Aloe gel was partially purified using activated 
carbon and filtration (1-10). The activated polysaccharide was then further purified by dialysis, 
ethanol precipitation and size exclusion chromatography. 

25 Limited Enzyme Digestion 

Aloe Gel Juice (AGJ) (10 L) produced from fresh gel fillets (provided by Aloecorp 
(Harlingen, TX)) was heated to 25 °C with a heat exchanger consisting of 60°C water 
circulating through a W 316 stainless steel coil while gently mixing with a mechanical agitator 
equipped with a marine propeller blade (A100). A solution of 1 16 mg of cellulase 4000 
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(Valley Research Inc.) in 10 mL of 50 mM aqueous citrate at pH = 6 was added and the 
mixture was gently stirred for 2 hours. 
Enzyme Deactivation 

After two hours, the reaction mixture was heated to about 90°C for a minimum of 30 
minutes. The reaction mixture was then immersed in an ice-water bath to cool the material to 
room temperature. 
Decolorization and Filtration 

Charcoal was used to remove the red color developed during the enzyme deactivation. 
The material was divided into two 5.0 L batches. To each of the 5.0 L batches, 100.0 g of 
coarse charcoal (Darco 20 x 40, purchased from Norit ) was added and the mixture gently 
stirred for one hour at room temperature. Subsequently, 50.0 g of celite 545 (Aldrich Chemical 
Co.) was added and the slurry stirred for an additional 10 minutes. 

The slurry was then pumped into a pressure filter equipped with a 30 /mi filter paper 
(Whatman Grade 1 13) to remove the solids. The filtrate contained a small amount of fine 
charcoal particles that channeled through the filter. The material was clarified when filtered 
over two superimposed filters, a 1.0 /mi pore size filter paper (Whatman # 1) on top of 0.7 /mi 
filter paper (Whatman GF/F) that were coated with 100 g of celite 545. The filtrate was 
decolorized and free of fine charcoal particles. The activated polysaccharide was further 
purified by dialysis, ethanol precipitation and size exclusion chromatography. The filtration 
data is summarized forth in Tables 1 and 2. 

Table 1. First Filtration 



Parameter 


Value 


Volume of Slurry 


5L 


Filter paper 


Whatman # 113 


Pore Size 


30 /xm 


Filter Aid 


None 


Filtration Area 


113 cm 2 


Maximum Pressure 


< 1 psi 
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Average rurrauon ivdie 


" : 2 " " 

7 0 ml /min/cm 




Liquid Recovery 


Quantitative 




Material Appearance 


Contained fine charcoal 
Particles 




Table 2. Second Filtration 




Parameter 


Value 


Volume of Slurry 


5L 


Filter paper 
(combination) 


Whatman # 1 on top oi wnaiman ur/r 


Pore Size 


LOjLtmontop of 0.7 /xm 


Filter Aid 


lOOgofCelite 545 


Filtration Area 


113 cm 2 


Maximum Pressure 


2 psi 


Average Filtration Rate 


0.74 mL/min/cm 2 


Liquid Recovery 


Quantitative 


Material Appearance 


Clear 



e y Lyophilization 

5 Following filtration the two batches were combined and the material was transferred 

into lyophilization trays, frozen and lyophilized in a 20 L VirTis Freeze Dryer, to yield 57.14 g 
of Immuno-10, which is equivalent to 5.71 g of Immuno-10 per liter of AGJ. 

Example 2 . Preparation of Pharmaceutical Grade Immuno-10 using a Hollow-Fiber Cartridge 
1 0 Ten grams of freeze-dried Aloe gel was dissolved in 1 . 8 L of distilled water in a 2 L 

beaker. The slurry was stirred overnight at 4°C producing a homogenous mixture. The 
mixture was filtered through filter paper (Whatman #3) to remove any particulates and the 
volume of the filtrate was adjusted to 2 L. The mixture was brought to room temperature and a 
solution of 4.63 mg of cellulase 4000 (Valley Research Inc.) in 5 mL of 50 mM aqueous citrate 
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at pH 6 was added. The filtrate was then pumped through a Hollow-fiber cartridge (UFP-5-E- 
6, molecular weight cutoff: 5000 Da, A/G Technology Corporation) at an inlet pressure 
between 10 to 15 psi. Permeate, which had a molecular weight of less than 5,000 Da, was 
collected in a separate 2 L beaker. The concentrate, which had a molecular weight of greater 
5 than 5,000 Da, was collected in the same beaker as the starting filtrate. This mixture was 

continuously stirred and when the volume of starting filtrate was reduced to one liter, distilled 
water (1L) was added to bring the volume back to 2 L. This procedure was repeated 5 times. 
A total of three 2 L fractions of permeate were collected. The final concentrate was collected 
as the retained fraction. It took an average of approximately 2.5 hours to collect each 2 L 
1 0 permeate fraction. The fractions were transferred into lyophilization traps, frozen and 

lyophilized in a 20 L VirTis Freeze Dryer. The yields of the permeate fractions I, II and m, and 
| the retained fraction were 4.88 g, 1 .77 g, 0.56 g and 0.37 g, respectively. The retained fraction 
S had the highest activity to restore UVB-suppressed contact hypersensitivity. Fraction m of the 
5 permeates had moderate activity to restore UVB-suppressed contact hypersensitivity. Fractions 
|s I and II of the permeates were inactive. 

(f Example 3 . Process for Preparation of Pharmace utical Grade Immuno-10 
jy Immuno-10 (50 g), prepared by the method described in Example 1 , was dissolved in 

*ni distilled water (diH 2 0) to a final volume of 200 mL. Ethanol (66.7 mL, 25% final 
20 concentration) was then added to this solution. The addition of ethanol was done slowly while 
stirring. The solution was then stirred for an additional 30 minutes, during which time a 
precipitate formed. The mixture was centrifuged at 2500 rpm for 10 minutes (Jouan CR412), 
and the precipitate was washed once with 25% ethanol, centrifuged and resolublized in diH 2 0. 
The resulting solution was lyophilized to dryness (ppt/25%). An additional 133.3 mL of 
25 ethanol (25%~50%) was added to the supernatant, as described above, the solution was again 
stirred for 30 minutes, and the precipitate was collected, washed with 50% ethanol and 
lyophilized (ppt/25%-50%). This procedure was repeated two more times recrystallizing with 
50-75% ethanol (ppt/50%-75%) and 75-80% ethanol (ppt/75%-80%). The solid recoveries of 
the precipitate for ppt/25%, ppt/25-50%, ppt/50-75% and ppt/75-80% were 0.3%, 20.5%, 
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10.3% and 1.5%, respectively. The product of ppt/50-75% was further fractionated on a 
Sephadex G-100 column (2.5 x 68 cm). The fractions of the polysaccharide peak (left peak, 
Figure 3) were combined and lyophilized, to produce pharmaceutical grade Immuno-10. The 
recovery of the pharmaceutical grade Immuno-10 from the ppt/50-75% was 15.8%. 

Example 4 . Purification of Immuno-10 using Nano filtration 

Immuno-10 (1 132 L of a gel containing 219.6 kg of solid) was prepared by the method 
described in Example 1, through the step of decolorization/filtration and excluding the step of 
lyophilization. The gel (1 132 L) was diluted with water to 4044 L and concentrated down to 
1 199 L using 10 kD filters (4 x 90 sq. ft) over 4.25 hours. The retentate was then diluted with 
2600 L of water and concentrated down to 950 L using 10 kD filters over 5.33 hours. This 
solution was then spray dried to obtain 42 kg of the purified product. 

In a second experiment, Immuno-10 gel (1 140 L), prepared by the method described in 
Example 1, through the step of decolorization/filtration, was diluted to 6000 L and 
concentrated down to 1200 L using 10 kD filters over 7.5 hours. The retentate was then diluted 
with 1287 L of water and concentration was continued to 1200 L over 2.5 hours. The solution 
then spray dried to yielded 38.26 kg of the purified product. 



was 



Example 5 . TW De pendant nidation of Al oe V er a Gel (A JG) Polysaccharide 

Fresh Aloe vera gel extract was treated with cellulase (11.57 mg cellulase per liter of 
gel extract) at room temperature for 3 minutes, 10 minutes, 30 minutes, 60 minutes, 120 
minutes, 24 hours and 48 hours. At the end of the treatment, the gel extracts were heated at 
95 °C in a water bath for 30 minutes followed by centrifugation at 2500 rpm for 1 0 minutes. 
The supernatants were lyophilized to dryness. The molecular weight distribution of 
polysaccharides in the treated gel extracts was analyzed by size exclusion chromatography on a 
Sephadex G-75 column (2.5 x 68 cm, 177-179 mg of sample was applied to the column). 
Polysaccharides having a molecular weight ^75,000 Da eluted at the void volume, while 
monosaccharides and some oligosaccharides eluted at the column volume (see Figure 4). The 
preferred hydrolysis reaction time, based upon biological activity of the resultant product, was 
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determined to be 120 minutes. As can be seen in Figure 4, treatment with cellulase for 120 
minutes resulted in a sharp polysaccharide peak having no shoulder (A). Treatment with 
cellulase for 24 hours (•) or 48 hours (■), resulted in a significant decrease in the absorbance 
of the polysaccharide peak, while the absorbance of the monosaccharide and oligosaccharide 
5 peak was increased. The product obtained by treatment for 3 minutes (0), 10 minutes (O) and 
30 minutes (a) resulted in a polysaccharide peak having a shoulder. 

Example 6 . Stability, of Aloe Polysaccharide i n Diff e rent Aloe Preparations 

The stability of polysaccharide in fresh Aloe gel extract (purified using standard 
10 methods of purification, i.e., dialysis and ethanol precipitation), freeze-dried Aloe gel and 
K freeze-dried Aloe whole leaf was studied by size exclusion chromatography on Sepharose CL- 
P 4B column (see Figure 5). As can be seen in Figure 5, the Aloe polysaccharide isolated from 
I the fresh Aloe gel extract has a molecular weight of ~2 million Da. The polysaccharide in the 
| freeze-dried Aloe whole leaf has a lower molecular weight than that of the polysaccharide 
I isolated from the fresh Aloe gel extract and the polysaccharide in the freeze-dried Aloe gel has 
Q a molecular weight of -500,000 Da. This result demonstrates the relationship between the 
g method of processing the polysaccharide and the stability of the Aloe polysaccharide. 

flj Example 7 . Stability of Im muno-10 Polysaccharide 

20 Immuno-10 contains some salts and other small molecules besides polysaccharide. The 

pH of Immuno-10 in distilled water (diH 2 0) is about 4.3. To study the stability of Immuno-10 
polysaccharide, both purified native Aloe polysaccharide and solutions of Immuno-10 at pH 
4.3 or pH 7.8 were left at room temperature for three months. Sodium azide at a final 
concentration of 0.02% was added to the frnmuno-lO or polysaccharide solutions to inhibit 

25 microbial growth. The degradation of polysaccharide in these samples was analyzed on 

Sephadex G-100 column. Figure 6 depicts the chromatogram showing that the polysaccharide 
absorbance of Immuno-10 at 490 nm was very similar at both P H 4.3 and pH 7.8. Although the 
polysaccharide peak shifted slightly to the right side at pH 4.3, it was still very stable under 
both pH conditions compared with the starting material. Under the same condition, the 
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purified native polysaccharide was partially degraded at pH 7.8 (Figure 7). The slight shift of 
the polysaccharide peak could be due to repacking of the Sephadex G-100 column. 

Example 8 . Determination of lmmuno-10 Restored UVB -Sunpressed Contact Hypersensitivity 
5 Specific-pathogen-free female C3H/HeN mice were obtained from Harlan Sprague 

Dawley and maintained in a pathogen-free facility in accordance with National Research 
Council of Laboratory Animal Care guidelines. Each experiment was performed with age- 
matched mice 9-10 weeks old. 

The abdominal hair of mice was removed with electric clippers. The mice having had 

1 0 their ears covered with aluminum foil were then exposed to a bank of four unfiltered FS40 
la sunlamps (National Biological Corp.) at a dose of 2000 J/m 2 . Approximately 65% of the 

g energy emitted from these lamps was within the UVB range (280-320) and the peak emission 

W was 3 1 3 nm. Immediately after the UVB exposure, Aquaphor (vehicle) alone or tested 

3 compound in Aquaphor at a 1 : 1 ratio was applied onto the abdominal skin of the mice. The 

U mice were then sensitized on their shaved abdominal skin with 50 fiL of 0.3% 

dinitrofluorobenzene (DNFB), 3 days after the UVB exposure. Six days after sensitization, the 

U mice were challenged by painting 5 j*L of 0.2% DNFB on both the dorsal and ventral surface of 

11 each ear. Ear thickness was measured using an engineers' micrometer immediately before 
O challenge and 24 hours later. Specific ear swelling was determined by subtracting values 
20 obtained from mice that were challenged but not sensitized (blank group). Each treatment 

group contained five mice. Two additional control groups were included in each experiment ~ 
a positive control group and a suppressed group. The positive control received no UVB 
radiation and no treatment, but sensitized and challenged (100% response). The suppressed 
group of mice received UVB radiation and no treatment, but were sensitized and challenged 
25 (0% response). The results are set forth in Figure 8. 

Example 9 . Determination of lmmuno-10 Suppressed UVB-induced T NF-a release 

Human epidermoid carcinoma cells (KB) were plated at 2xl0 6 cells per 100 mm dish. 
After the cells reached confluence (about 2 days), they were washed three times with PBS and 
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exposed to UVB radiation at 300 J/m 2 . The cells were then washed once with PBS and 
incubated in 5 mL DMEM/0.2% FBS with or without Immuno-10 for 1 hour. The cells were 
washed once more with PBS and further incubated in a growth medium overnight. The next 
day the medium was collected and centrifuged at 2500 rpm for 10 minutes at 4°C. The TNF-a 
5 released into the supernatant was determined by ELISA. The results are set forth in Figure 9. 

Example 10 . Determination of Immuno-10 Stimulate d Macrophage Activation 

Resident mouse peritoneal macrophages were isolated from ICR mice and plated at 

200,000 cells per well in a 96-well plate. The cells were washed three times to remove non- 
1 0 adherent cells after a 2 hour incubation. Macrophages were then incubated with or without 
q Immuno- 1 0 overnight. The TNF-a released into the media was determined by ELISA. 
E Lipopolysaccharides (LPS) were used as a positive control. The results are set forth in Figure 

fl 10 - 
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p Example 11 . Determination of Immuno-10 Stimulated Cell Proliferation (MTT) 

Baby hamster kidney cell line (BHK cells) were plated at 5000 cells per well in a 96- 
well plate. The cells were incubated with or without Immuno-10 for 3 days in the tissue 
pj culture incubator. The cells were then incubated with 1 mg/mL MTT (3-(4,5-dimethylthiazol- 
W 2-yl)-2,3-diphenyltetrazolium bromide, Thiazolyl blue) for 4.5 hours. The absorbance at 570- 
20 630 nm was determined after the cells were extracted with 100 (iL of 10% SD in 0.01N HC1. 
Fibroblast growth factor (FGF) was included as a positive control. The results are set forth in 
Figure 11. 
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